The hydrogen isotope composition of plant leaf wax (δDwax) has been found to record 17 the isotope composition of precipitation (δDp). Hence, δDwax is increasingly used for 18 palaeohydrological reconstruction. δDwax is, however, also affected by secondary factors, 
investigate the impact of different environmental factors on δDwax. We found that δDwax The primary factor controlling δDwax is the hydrogen isotope composition of 57 precipitation which depends on various environmental processes. These include the 58 intensity of precipitation (amount effect), the distance that moisture has travelled over a 59 continental landmass (continental effect), the altitude effect, condensation temperature 60 (temperature effect) and the global ice volume (ice effect) (Dansgaard, 1964; Gat, 1996 ; 61 Araguás-Araguás et al., 2000) . In detail, the amount effect describes the decrease in 62 δDp with increasing rainfall amount/intensity and is most pronounced in the tropics and 
107
The aim of this work is to evaluate the influence of different environmental factors 108 on the δDwax composition of soils from southern Africa. Here, we consider compound-109 specific δDwax of n-alkanes across soils collected along transects in South Africa. These 110 transects cover a wide range of climatic conditions and vegetation types. We compared 111 our data with predicted hydrogen isotope composition of precipitation, obtained from the 112 Southern Africa experiences pronounced precipitation seasonality, and seasonality 123 variability (Fig. 1a, c easterlies. This is commonly referred to as the summer rainfall zone (SRZ, sensu Chase 128 and Meadows, 2007). In contrast, the southwestern margin of South Africa is influenced 129 by frontal systems associated with the westerly storm tracks (Tyson, 1986 ) and receives 130 > 66% of its MAP during the austral winter. This region is therefore called the winter 131 rainfall zone (WRZ; Chase and Meadows, 2007). Between the WRZ and SRZ, a 132 dynamic transition zone is affected by both tropical and temperate systems and receives 133 a more equitable distribution of precipitation during the year, but with significant inter-134 annual variability. This zone is often referred to as the year-round rainfall zone (YRZ). 135
Combined with strong variation in precipitation seasonality, South Africa also shows a 136
Final version available at http://www.sciencedirect.com/science/article/pii/S0146638016302273 pronounced precipitation gradient (Fig. 1a) from the arid western margin with very low 137 MAP (ca. 50 mm/yr) increasing to the Drakensberg mountains (ca. 1200 mm/yr) in the 138 east, and peaking at ca. 1700 mm/yr in the northeast of the country. A weaker gradient 139 of increasing rainfall to the southwestern tip (ca. 1100 mm/yr) is also observed (Hijmans 140 et al., 2005) . Apart from the pronounced rainfall gradient, the mean annual temperature 141 (MAT) also varies significantly from 5 to 24 °C. Highest temperatures occur in the 142 northwest and northeast, whereas the coldest temperatures are related to higher 143 elevation (> 3000 m above sea level), most notably in the Drakensberg mountains 144 (Hijmans et al., 2005) . This interplay of precipitation and temperature leads to general 145 higher aridity in the north-western and central parts vs. southwestern and eastern South 146 Africa. 147
Vegetation 148
Climatic conditions strongly shape the vegetation distribution in South Africa (Fig. 1b) . (Fig. 1d) . In contrast, C4 grasses 156 dominate the Grassland and Savanna Biomes of the interior (Werger and Ellis, 1981) , 157 reflecting increased aridity and particularly high (summer) growing season temperatures 158 (Vogel, 1978; Scott and Vogel, 2000) . Plants using crassulacean acid metabolism 159 (CAM), including many succulents, are dominant in arid regions with high rainfall 160
Final version available at http://www.sciencedirect.com/science/article/pii/S0146638016302273 8 seasonality, such as in the Succulent Karoo and western Nama Karoo, but also exist in 161 abundance in other biomes (Mooney et al., 1977; Werger and Ellis, 1981) . 
Preparation and lipid extraction 171
The samples were freeze-dried at the University of Leicester and were ground using an 172 agate mortar and pestle after removal of root and stem pieces. They were extracted 3x 173 with an accelerated solvent extractor (ASE200) using 9:1 dichloromethane (DCM) and 174
MeOH at 100 °C, 1000 psi for 5 min. Squalane was added as internal standard in known 175 amount before extraction. Blank samples (combusted sand) contained only trace 176 amounts of lipids. Each total lipid extract (TLE) was concentrated using rotary 177 evaporation. The TLE was separated into hexane-insoluble and hexane-soluble fractions 178 by pipette column chromatography consisting of 4 cm sodium sulphate (Na2SO4). The 179 hexane-soluble fraction was saponified with 0.1M KOH in MeOH at 85 °C for 2 h. 180
Neutral compounds were then extracted with hexane. The hydrocarbons were obtained 181 from the neutral fraction via pipette column chromatography consisting of 4 cm of 182 deactivated silica gel (60 mesh, 1% H2O) using ca. 4 ml of hexane. The hydrocarbonswere separated into unsaturated and saturated hydrocarbon compounds by pipette 184 column chromatography loaded with AgNO3-Si-coated (4 cm) using ca. 4 ml of hexane 185 as solvent. 186
Some soil samples had high contents of cyclic and branched hydrocarbons, 187 which complicate the identification and separation of individual n-alkanes for compound-188 specific isotope analysis. In these cases urea adduction was carried out to separate n-189 alkanes from cyclic and branched hydrocarbons. To this end, 4.5 ml hexane/DCM (2:1) 190 and 1.5 ml urea solution (40 mg/ml in MeOH) were added to the hydrocarbon fraction 191 and cooled to 4 °C for 15 min and then dried under N2. Hexane was then added and 192 removed after vortexing for 30 s with a pipette. The procedure was conducted 3 times. 193
MilliQ water was added to dissolve the urea crystals and n-alkanes were extracted using 194 hexane/DCM (4:1). 195
Instrumental analysis 196
Quantification of long chain n-alkanes was conducted using a ThermoFischer Scientific 197
Focus gas chromatograph equipped with a Rxi-5 ms 30 column (30m, 0.25 mm, 198 0.25µm), split/splitless injectior operating at 260°C and a flame ionization detector (GC-199 FID). Helium was used as carrier gas at 1.9 mL min -1 . Samples were injected in hexane 200 and the GC temperature was programmed to increase from 60°C (2 min hold) to 150°C 201 with 20°C/min, and then with 4°C/min to 320°C (held for 11 min). An external standard 202 was used for quantification containing n-C18 to n-C34 alkanes in known concentration. 203
Repeated analyses of the external standard resulted in a quantification precision of 5 %. 204
Compound-specific δD analysis of leaf wax n-alkanes were carried out using a Final version available at http://www.sciencedirect.com/science/article/pii/S0146638016302273 µm) coupled via a pyrolysis reactor operated at 1420 °C to a ThermoFischer MAT 253 207 isotope ratio mass spectrometer. Helium was used as carrier gas at 1.2 mL min -1 . The 208 samples were injected into a PTV injector at 45°C and then transferred onto the GC 209 column. The GC temperature was programmed to increase from 120°C (3 min hold) to 210
200°C with 30 °C/min, and then with 4°C/min to 320°C (held for 24 min). All 211 measurements were calibrated against H2 reference gas (D = -337 ± 3‰) which D 212 value was determined by analyses of four IAEA water standards using a ThermoFisher 213 We also showed that, on average, n-alkane distributions and compound-specific 29 µg/g dw for n-C29 and n-C31, respectively. Intra-site variation is between 4.4 µg/g dw 286 (n-C29) and 26 µg/g dw (n-C31). 287
4.2.
Relationship between δDwax, δDp and δDg 288 δDwax vary from -75 to -151‰ for n-C29 and -105 to -161‰ for n-C31 (Supplementary   289   Table) . The intra-site variation spanned a range of 1 to 41‰ for n-C29 and 0 to 30‰ for 290 n-C31. We calculated the amount-weighted mean δDwax of both homologues (n-C29 and 291 n-C31) for each soil sample and then the amount-weighted mean of soils from each plot 292 to obtain a vegetation-integrated δDwax signal for each location. For the SRZ, the most 293 negative δDwax values are found for the grassland biome, with a gradual increase further 294 west in the Nama Karoo biome ( Table 1) . 295
Several studies show a correlation between δDwax and δDp for different Table 2) . Considering the distinct rainfall 300 zones separately, however, we observe a different picture. In the SRZ δDwax is 301 correlated significantly with annual δDp (r 0.65, p < 0.01) (, Table 2 ), suggesting that 302 δDwax reflects the δD signal of annual precipitation. However, the range (Table 1) 
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We also compare our δDwax data with δDg of groundwater. The latter has been 361 suggested to reflect the δD of precipitation (Rozanski, 1985 (Fig. 4) . The δDg values are more depleted in the semi-arid than in the wetter regions, 
Apparent fractionation factor (εapp) for plant wax derived n-alkanes in soils 377
To evaluate the influence of vegetation and other environmental factors, e.g. Table) . The smallest εapp is 396 observed for the Nama Karoo biome and the largest are measured in the Fynbos and 397
Grassland biomes (Fig. 5) . The εapp becomes smaller with distance from the Atlantic and 398 Indian Ocean moisture sources (Fig. 5) . In general, there is less apparent fractionation 399 for plants contributing to the soils located in more arid regions of the SRZ compared to 400 more humid parts of the SRZ (Fig. 6) 
Factors influencing deuterium fractionation of leaf wax components in southern 413

Africa 414
We compare εapp with other environmental data (i.e. aridity, altitude, temperature, PET, 415 δ 13 Cwax) to evaluate their imprints on δDwax composition and apparent fractionation.
416 Table 3 gives an overview of the relationships between εapp and environmental 417 parameters divided into the different rainfall zones and biomes. Table 3 . There is lower apparent fractionation in 423 more arid regions of the SRZ (Fig. 7) . This may be caused by several factors. As noted 424 above, D enrichment of soil water due to evaporation affects the isotope composition of 425 leaf waxes and therefore the apparent fractionation between leaf wax and precipitation. 426 In contrast, we find no correlation between εapp and δ 13 Cwax ( Table 3 Fig. 8, Table 3) . 484
Additionally, we observe that the seasonal availability of water might affect εapp (r - 
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